Tsukamurella serpentis sp. nov., isolated from the oral cavity of Chinese cobras (Naja atra) 
Tsukamurella have also been found in a range of aquatic and terrestrial environmental sources, such as sludge foam samples from an activated-sludge treatment plant and sponge samples from marine environments (Goodfellow & Kumar, 2012) , and soil samples from a roadside (Park et al., 2009 ). Yet, only a few studies have reported the isolation of members of the genus Tsukamurella from animals, which include the skin of a healthy pet reptile (Maeda et al., 2010) and the feacal sample of a sika deer (Jiang et al., 2013) .
Consistent with their widespread nature in the environment, we have reported a pseudo-outbreak of organisms representing the genus Tsukamurella due to environmental contamination of laboratory scissors during processing of clinical specimens . We also recently reported the discovery of two novel species of the genus Tsukamurella, Tsukamurella hongkongensis and Tsukamurella sinensis, from patients with keratitis and catheter-related bacteraemia, and conjunctivitis, respectively (Teng et al., 2015) . These suggest that members of the genus Tsukamurella should not be dismissed as harmless in clinical laboratories.
In 2009, a local study reported the presence of species of the genus Tsukamurella from the oral cavities of healthy Chinese cobras (Naja atra), which are one of the most common venomous snakes in Hong Kong (Shek et al., 2009) . In the present study, phenotypic and genotypic characterizations revealed that two of the strains (HKU54 T and HKU55) isolated from the snakes may belong to a novel species of the genus Tsukamurella. 16S rRNA gene sequence analysis revealed that they possessed 95.8 to 99.0 % sequence identities to known species of the genus Tsukamurella. They also had unique biochemical profiles distinguishable from other currently recognized species of the genus Tsukamurella. DNA-DNA hybridization confirmed that these two isolates should represent a novel species, for which the name Tsukamurella serpentis sp. nov. is proposed. Detailed characterizations of the two isolates, including morphological, physiological, chemotaxonomic and DNA G+C content analyses, were performed.
The Tsukamurella-like strains, HKU54
T and HKU55, were isolated from the oral cavities of healthy Chinese cobras (Naja atra) on Columbia agar (Oxoid) with 5 % defibrinated sheep blood (QuadFive) under aerobic conditions at 25 C. After 2 days of incubation, both strains grew as cream-to yellow-coloured and easily emulsified colonies of 2 mm in diameter. All the reference strains included in this study were type strains and obtained from four culture collections, with T from the Japan Collection of Microorganisms. The two new isolates were characterized phenotypically in detail. They were Gram-stained and examined for the presence of catalase and cytochrome oxidase activities. Cell morphology was observed by using a light microscope. They were streaked on Columbia agar with 5 % defibrinated sheep blood and on brain-heart infusion agar, nutrient agar, trypticase soy agar, chocolate agar and MacConkey agar (all from Oxoid) and incubated at 25 C under aerobic conditions to test for their growth using different media. Salt tolerance (NaCl of 0-9 %, w/v) and growth response to different temperatures (10, 37 and 42 C) of the two new isolates were investigated, respectively, by spreading bacterial cells of 1 McFarland on Columbia agar with 5 % defibrinated sheep blood agar followed by incubation under aerobic conditions for up to 7 days (Conville & Witebsky, 1998) . Reference strains, T. inchonensis ATCC 700082 T and T. hongkongensis JCM 30715 T , were used as controls in salt tolerance and temperature tests. Hydrolysis of tyrosine and xanthine was tested as described by Smibert & Krieg (1994) . Biochemical data were obtained using the API 20C AUX and API 50 CH systems (bioM erieux) according to manufacturer's instructions. Reading intervals and durations of the tests followed the protocol suggested by Kattar et al. (2001) . Strains HKU54 T and HKU55 were aerobic, non-sporulating, Gram-stain-positive bacilli (Fig. S1a, c , available in the online Supplementary Material). They were non-motile and produced catalase but not cytochrome oxidase. They grew well on Columbia agar with 5 % defibrinated sheep blood as cream-to-yellow, easily emulsified colonies of 2 mm in diameter with irregular spreading margins after 48 h of incubation at 25 C in an aerobic environment (Fig. S1b, d ). Growth was also observed on brain-heart infusion agar, nutrient agar, trypticase soy agar, chocolate agar and MacConkey agar. They showed growth with 0-7 % NaCl and at 10 C and 37 C, but not at 42 C. Neither strain could hydrolyse xanthine or tyrosine. The biochemical and physiological characteristics of strains HKU54
T and HKU55 and those of the other type strains of species of the genus Tsukamurella are summarized in Table 1 and in the species description. In contrast to the most phylogenetically related species, T. inchonensis ATCC 700082 T , strains HKU54 T and HKU55 were not able to assimilate D-arabinose, L-arabinose, D-ribose, D-xylose, methyl-D-glucopyranoside, N-acetylglucosamine, aesculin ferric citrate, D-salicin, melibiose, melezitose, L-fucose, potassium gluconate or 2-ketogluconate (Table 1 ). The two strains possessed different utilization patterns for glycerol, D-mannose and meso-erythritol (Table 1) .
Bacterial DNA extraction, PCR amplification of the 16S rRNA gene and DNA sequencing were performed according to our previously published protocols (Teng et al., 2015) . PCR primers, LPW27807 5¢-TGGCTCAGGACGAACGCT- (Yassin et al., 1996; Kattar et al., 2001; Nam et al., 2003 and from the present study); 8, T. paurometabola ATCC 8368 T (Collins et al., 1988; Kattar et al., 2001; Olson et al., 2007 and from the present study); 9, T. strandjordae ATCC BAA-173 T (Kattar et al., 2001 and from the present study); 10, T. spongiae DSM 44990 3¢ and LPW27808 5¢-GAGGTGATCCAGCCGCA-3¢, were designed targeting the conserved regions of the 16S rRNA gene according to available sequences of species of the genus Tsukamurella. The comparison of the sequences of the PCR products with those of the closely related species of the genus Tsukamurella was performed by multiple alignments using Bioedit 7.1.9. (Hall, 1999) . Both the neighbour-joining method and the maximum-likelihood method, performed by MEGA 6 (Tamura et al., 2013) , were used for substitution tests and phylogenetic tree reconstruction. Comparative 16S rRNA gene sequence analysis showed 100 % sequence identity between strains HKU54T and HKU55, which shared 95.8 to 99.0 % sequence identities to the type strains of currently recognized species of the genus Tsukamurella, being most closely related to T. inchonensis ATCC 700082T (99.0 % sequence identities) (Fig. 1 ).
DNA-DNA hybridization studies were performed between strains HKU54 T and HKU55 and the type strains of all species of the genus Tsukamurella sharing >97 % 16S rRNA gene sequence similarity with these two isolates. Preparation of genomic DNA was performed using QIAGEN Genomic tip 100-G (Qiagen). DNA probe was prepared using DIGHigh Prime DNA labelling reagent (Roche Diagnostics) while DNA-DNA dot blot hybridization was carried out using ULTRAhyb ultrasensitive hybridization buffer (Ambion), DIG wash and block buffers, anti-DIG-AP and CDP-Star (Roche Diagnostics) as described previously (Teng et al., 2015) . DNA-DNA hybridization was performed at 42 C in triplicate for each of the probes used. To quantify the relative levels of DNA-DNA relatedness, the Xray films developed were scanned and dot intensities were analysed by the software ImageJ 1.46r. Self-hybridization values were considered to be 100 %, representing the maximal achievable signal. Values obtained with other test strains were compared with this standard (Teng et al., 2015) . Strains HKU54 T and HKU55 possessed 92.1±7.9 % (mean±SD, HKU54 T as probe) or 92.6±3.2 % (mean±SD, HKU55 as probe) DNA-DNA relatedness, suggesting they should belong to the same species. On the other hand, the two strains possessed <70 % DNA-DNA relatedness (11.5 ±5.8 % to 52.6±5.3 %) with all other currently recognized species of the genus Tsukamurella, supporting classification of these two strains as representatives of a novel species of the genus Tsukamurella (Table 2) . Therefore, these two isolates are proposed as representatives of a novel species in the genus Tsukamurella, for which the name T. serpentis sp. nov. is proposed.
Scanning electron microscopy (SEM) was performed according to our previous studies (Woo et al., 2003; Teng et al., 2015) with slight modifications. Bacterial cells were harvested from strains HKU54 T and HKU55 grown on Columbia agar with 5 % defibrinated sheep blood, followed by washing with 1Â PBS and low-speed centrifugation (2000 r.p.m.). A suspension of 0.5 McFarland was then made and fixed in 6 % glutaraldehyde at 25 C for 48 h. Cells were then washed twice with absolute ethanol and filtered through MF-Millipore membrane filters of pore size T and HKU55 showed long, rod-shaped, aflagellated cells (Fig. 2) , which was consistent with the Gram smear appearance (Fig. S1a, c) . Asymmetrical daughter cells were generated from the fragmentation process of the transverse septa at one pole of each parental cell during growth (Fig. 2b, d ), which was also in congruence with observations reported in previous studies (Yassin et al., 1996 (Yassin et al., , 1997 Teng et al., 2015) .
Cellular fatty acid and mycolic acid analyses were performed by Microbial ID (Newark, DE, USA) using the Sherlock Microbial Identification System software (MIDI). Cellular fatty acids were extracted from lyophilized cells (approximately 30 mg of original wet weight) grown on Columbia agar with 5 % defibrinated sheep blood at 25 C for 2 days and analysed by gas chromatography as described by Microbial ID (Sasser, 1990) , and the peak-naming was done with MIDI Sherlock Rapid Libraries and Methods. Mycolic acids were extracted as described by Brown et al. (1999) and analysed by HPLC. Cell-wall sugars and peptidoglycan analyses were performed using TLC according to the methods of Staneck & Roberts (1974) and Rhuland et al. (1955) , respectively by the Leibniz Institute DSMZ (Braunschweig, Germany). Fatty acid profiles of strains HKU54
T and HKU55 were highly similar (Table 3) . Major fatty acid compositions of strains HKU54
T and HKU55 included C 16 : 0 and C 18 : 1 !9c, both of which are characteristic fatty acids of the genus Tsukamurella (Table 3) (Goodfellow & Kumar, 2012) . The two strains also contained summed feature 1 (C 16 : 1 !6c and/or C 16 : 1 !7c and/or iso-C 15 : 0 2-OH) as major fatty acids (Table 3 ). Both strains HKU54
T and HKU55 contained long-chain mycolic acids with 79-87 carbon atoms. Galactose and arabinose were identified as the major cell-wall sugars. Cell-wall peptidoglycan of these two novel isolates belonged to the A1g-type based on directly cross-linked meso-diaminopimelic acid. Therefore, strains HKU54
T and HKU55 should belong to the cell-wall chemotype IV organisms. These results were similar to the characteristics of other species of the genus Tsukamurella, which are also rich in meso-diaminopimelic acid, arabinose and galactose (Goodfellow & Kumar, 2012) . Polar lipids were extracted and examined by two- T and HKU55 to other closely related species. The tree was inferred from almost complete 16S rRNA gene sequence data (1407 nucleotide positions) by the maximum-likelihood method using the model GTR+I+G and Dietzia cinnamea (AJ920289.1) as the outgroup. Bootstrap values were calculated from 1000 replicates (expressed as percentages). Only nodes that were well supported by the maximum-likelihood method (!70 % bootstrap support) have their bootstrap values shown, and all of these nodes were also well supported by the neighbourjoining method (!70 % bootstrap support). Asterisks indicate branches of the tree that were also found using the neighbourjoining algorithm. Names and accession numbers are given as cited in the GenBank database. Bar, estimated number of substitutions per base. Sequences that were obtained in this study are shown in bold type. dimensional silica gel TLC according to the methods of Tindall et al. (1990 Tindall et al. ( , 2007 . Respiratory quinones were extracted similarly, followed by separation using two-dimensional silica gel TLC and final analysis using HPLC. The polar lipids analysis showed that strains HKU54
T and HKU55 contained phosphatidylethanolamine as the diagnostic phospholipid, thus belonging to type PII phospholipid pattern (Lechevalier et al., 1977) . Other phospholipids including phosphatidylinositol and diphosphatidylglycerol were also detected. The major menaquinone was menaquinone-9 (MK-9). Taken together, the chemotaxonomic profiles of strains HKU54
T and HKU55 were typical of members of the genus Tsukamurella, supporting the classification of both strains within the genus Tsukamurella (Goodfellow & Kumar, 2012) .
The DNA G+C contents of strains HKU54
T and HKU55 were determined, respectively, by the thermal denaturation method (Marmur & Doty, 1962) in triplicates. The DNA G+C content of strains HKU54
T and HKU55 were determined to be 69.2±1.5 mol% and 69.2±1.3 mol% (mean ±SD), respectively, which lie within the characteristic range of the genus Tsukamurella (68.1-77.0 mol%) (Seong et al., 2003; Park et al., 2009 ).
In summary, we reported on the two novel isolates, HKU54
T and HKU55, from the oral cavity of two Chinese cobras (Naja atra). Phylogenetic analyses based on 16S rRNA gene sequences supported their placement in the genus Tsukamurella. However, they possessed phenotypic characteristics distinct from closely related species of the genus Tsukamurella. DNA-DNA hybridization confirmed that strains HKU54
T and HKU55 should be recognized as representatives of a novel species in the genus Tsukamurella. Therefore, we propose that strains HKU54
T and HKU55 should be accommodated in a novel species, Tsukamurella serpentis sp. nov., in the genus Tsukamurella, with HKU54 T designated as the type strain. Subsequent characterizations of T. serpentis sp. nov. HKU54
T and HKU55, including SEM, fatty acids, mycolic acids, cell-wall sugars, peptidoglycan, polar lipids, respiratory quinones and DNA G+C analyses, were performed and the results were typical of members of the genus Tsukamurella. The present study represents the first report to our knowledge describing a novel species of the genus Tsukamurella isolated from the oral cavity of two healthy snakes. Further studies on its natural reservoirs, routes of transmission and zoonotic potential are warranted.
Description of Tsukamurella serpentis sp. nov.
Tsukamurella serpentis (ser.pen¢tis. L. gen. n. serpentis of a snake, pertaining to the original isolation from snake).
Aerobic. Gram-stain-positive. Non-motile. Non-sporeforming. Positive for catalase but negative for cytochrome oxidase. Grows the best on Columbia agar with 5 % defibrinated sheep blood agar as cream-to-yellow, easily emulsified colonies of 2 mm in diameter with irregular spreading margins after 48 h of incubation at 25 C in an aerobic environment. Growth occurs at 10 and 37 C but not at 42 C. Tolerates NaCl concentrations of up to 7 % (w/v). Capable of growth on brain-heart infusion agar, nutrient agar, trypticase soy agar, chocolate agar and MacConkey agar. Negative for xanthine and tyrosine hydrolysis. Using the API 50 CH system, can assimilate D-galactose, D-glucose, The type strain, HKU54 T (=JCM 31017 T =DSM 100915 T ), was isolated from the oral cavity of a Chinese cobra (Naja atra) in Hong Kong. The G+C content of the DNA of the type strain HKU54
T is 69.2±1.5 mol% (mean±SD). A reference strain of this species, HKU55 (=JCM 31018=DSM 100916), was also isolated from the oral cavity of a Chinese cobra (Naja atra) in Hong Kong. The G+C content of the DNA of strain HKU55 is 69.2±1.3 mol% (mean±SD).
